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Constraining CPT-odd nonminimal interactions in the Electroweak sector
V. E. Mouchrek-Santos∗ and Manoel M. Ferreira Jr†
Departamento de F´ısica, Universidade Federal do Maranha˜o,
Campus Universita´rio do Bacanga, Sa˜o Lu´ıs - MA, 65080-805 - Brazil
In this work, we propose two possibilities of CPT-odd and Lorentz-violating (LV) nonminimal
couplings in the Electroweak sector. These terms are gauge-invariant and couple a fixed 4-vector
to the physical fields of the theory. After determining the LV contributions to the electroweak
currents, we reassess the evaluation of the decay rate for the vector mediators W and Z. Using the
experimental uncertainty in these decay rates, upper bounds of 1 part in 10−15 (eV )−1 and 10−14
(eV )−1 are imposed on the magnitude of the proposed nonmimal interactions.
PACS numbers: 11.30.Cp, 12.60.Cn, 13.38.Dg, 13.38.Be
I. INTRODUCTION
Mechanisms of spontaneous Lorentz violation have
been proposed in some candidate theories of quantum
gravity. As a consequence, Lorentz-violating (LV) back-
ground tensors (generated as vacuum expectation values)
are coupled to the physical fields of the Standard Model.
The most general effective theory considering the explicit
breaking of Lorentz and CPT symmetry is the minimal
Standard Model Extension (mSME) [1], which is an ex-
tension of the Standard Model, SU (3)× SU (2)×U (1),
featuring terms breaking Lorentz and CPT symmetries
in all of its sectors: lepton, quark, Yukawa, Higgs and
gauge. Investigation of Lorentz symmetry violation is
a rich line of research, embracing developments in the
electromagnetic sector [2], [3], fermion sector [4], includ-
ing photon-fermion interactions [5],[6],[7]. Such studies
have detailed LV effects in very distinct physical sys-
tems, allowing to construct a precision programme to
determine to what extent the Lorentz covariance is pre-
served in nature (by means of tight upper bounds on the
LV coefficients). Nonminimal LV interactions have also
been examined in an extension of the SME encompass-
ing higher-order derivatives in both the gauge [8] and the
fermion sector [9]. Some other models containing higher-
dimension operators [10] and higher derivatives [11] have
also been proposed and developed.
In the electroweak sector of the mSME [1], the SU(2)
and U(1) gauge fields are properly coupled to LV fixed
tensors in renormalizable dimension four terms. The
mSME lepton sector is composed of a CPT-even and a
CPT-odd term, that is,
Levenlepton = i(cL)µνABL¯AγµiDνLB + i(cR)µνABR¯AγµiDνRB,
(1)
Loddlepton = −(aL)µABL¯AγµLB − (aR)µABR¯AγµRB, (2)
where A,B = 1, 2, 3 are the lepton flavor labels. At the
same way, the SU(2) and U(1) gauge sectors are modified
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by the CPT-even terms:
Levengauge = −
1
2
(kW )
µναβ(W aµνW
a
αβ)−
1
4
(kB)µναβB
µνBαβ ,
(3)
while the CPT-odd generate instabilities in the theory,
and are not considered. These coefficients are real, di-
mensionless, and possess the same symmetries of the Rie-
mann tensor. The pure CPT-even Higgs sector is also
modified by the following term:
LevenHiggs =
1
2
(kφφ)µν (D
µφa)† (Dνφa) + h.c.
−1
2
(kφB)µνφ
a†φaBµν − 1
2
(kφW )
µν(φ† × φ)aW aµν , (4)
while the Higgs CPT-odd has the form
i(kφ)µ (φ
a)
†
(Dµφa) , with (kφ)µ having dimension
of mass.
In the electroweak sector, LV studies were ini-
tially developed in connection with meson decays
(π− → µ− + ν¯µ), where the LV effects were considered
at the level of the Feynman propagator of the W bo-
son [12],
〈
Wµ†W ν
〉
= −i (gµν + χµν) /M2W , with contri-
butions coming from the Higgs (φ) and the W sectors:
χµν = kµνφφ − i2gkµνφW + kαµβνW pαpβ . Comparison with ex-
perimental data led to upper bounds of 1 part in 104.
Contributions of the kW coefficients (3) to the W prop-
agator,
〈
Wµ†W ν
〉
= −i (gµν + χµν) /M2W , jointly with
contributions stemming from the Higgs sector, kφφ, kφW ,
see Eq. (4), were more explicitly considered in Ref. [13],
with implications on the allowed nuclear decays and for-
bidden β decays. This framework was also used: (i) to
reinterpret experiments dedicated to searching for pre-
ferred directions in forbidden β−decays, implying upper
bounds as tight as 10−8 on the LV parameters [14]; (ii) to
constrain β decay rate asymmetries to the level of 1 part
in 106 [15]; (iii) to study isotopes that undergo orbital
electron capture [16]; (iv) to analyse LV effects on the
kaon decay and evaluate asymmetries in the respective
lifetime [17]. Another interesting study considered LV
coefficients (cL)µνAB of the lepton sector (1), with the
2same flavor (A = B),
Llepton = icαβ [iψ¯γα∂βψ + iψ¯νγα∂βψν
+ ψ¯(L)γ
αW β(−)ψν(L) + iψ¯ν(L)γ
αW β(+)ψ(L)],
(5)
where ψ, ψν , ψ(L) represent leptons, neutrinos and left-
handed leptons (of a given flavor), to examine effects on
the pion-decay rate [18], attaining upper bounds of the
level of 10−4. Some works also examined the possibility
of LV electroweak terms to make feasible forbidden pro-
cesses (Z0 −→ γ+γ) [19] or modify the reactions such as
γ+ e→W + νe, γ+ γ → W +W [20]. Lepton flavor vio-
lating decays triggered by renormalizable and nonrenor-
malizable (dimension five) terms belonging to the Higgs
sector were recently considered as well[21]. Tree-level
Z-boson contributions to the polarized Mo¨ller scattering
were carried out, allowing to improve kW upper bounds
by two orders of magnitude [22]. Lorentz violation in-
fluence on neutrino oscillations was also probed using a
distinct framework [23].
A dimension five LV nonminimal coupling (NMC), rep-
resenting unusual interactions between fermions and pho-
tons, gνψ¯γµγ5F˜µνψ, was first introduced by means of
the derivative, Dµ = ∂µ + ieAµ + i
λ
2 ǫµλαβV
λFαβ , in
the Dirac equation [24], where V µ can be identified with
the Carroll-Field-Jackiw four-vector. Such a coupling has
been addressed in numerous aspects [25], including the
radiative generation of CPT -odd LV terms [26], topo-
logical phases [27], [28], and generation of electric dipole
moment [29]. Dimension-five CPT -even NMCs were also
proposed in the context of the Dirac equation [30], [31],
[32], with MDM and EDM experimental measurements
being used to state upper bounds at the level of 1 part
in 1020 (eV)−1 and 1024 (eV)−1, respectively. A system-
atic investigation on NMCs of dimension five and six was
recently proposed in Ref. [33].
Nonminimal interactions have been a topical issue in
the latest years, mainly in the fermion and electromag-
netic sectors. However, a NMC in the lepton electroweak
sector of the Standard Model has not been proposed yet.
In this work, we introduce two possibilities of CPT-odd
LV nonminimal interactions in the Electroweak sector,
the first one being proposed in the U (1)Y sector of the
GSWmodel, while the second is considered in its SU (2)L
sector, both as extensions of the covariant derivative.
After determining the terms engendered in the interac-
tion Lagrangian, we evaluate the Lorentz-violating cor-
rections to the decay rates of the following mediators:
Z0 → l¯ + l and W− → l + ν¯l. Using these results and
the experimental uncertainty in the measurements, we
impose upper limits on the magnitude of the LV param-
eters, achieving upper bounds as tight as 10−15 (eV)−1.
II. BASICS ABOUT THE GSW MODEL
In the Glashow-Salam-Weinberg electroweak model
(GSW), with a SU (2)L × U (1)Y gauge structure spon-
taneously broken via the Higgs mechanism, the vector
bosons, W±, Z0 and γ are mediator of the interactions,
being introduced via minimal coupling to the matter
fields. In this theory, left-handed leptons (Ll) are rep-
resented by isodublets
Ll =
[
ψνl
ψl
]
L
=
1− γ5
2
[
ψνl
ψl
]
, (6)
while right-handed leptons (Rl) are isosinglets,
Rl = (ψl)R =
(
1 + γ5
2
)
ψl, (7)
and l = 1, 2, 3 is the lepton flavor label: ψl = (e, µ, τ).
The part of the electroweak Lagrangian, in which the
leptons interact directly with the gauge fields, is LEW =
Lgauge + Llepton, where
Lgauge = −1
4
Wµν ·Wµν − 1
4
BµνB
µν , (8)
Llepton = L¯lγµiDµLl + R¯lγµiDµRl, (9)
withWµ = (W
1
µ ,W
2
µ ,W
3
µ) being a four-vector gauge field
which is a three-vector in isospin space, and Bµ a gauge
four-vector field, whose field strengths are
Wµν = ∂µWν − ∂νWµ + gWµ ×Wν , (10)
Bµν = ∂µBν − ∂νBµ. (11)
The covariant derivative involves both gauge fields,
Dµ = ∂µ − igT ·Wµ − i g
′
2
Y Bµ. (12)
Here, T = (T1, T2, T3) stands for the generators of the
group SU (2)L, and Y is the generator of U (1)Y group,
fulfilling [Ti, Tj] = iεijkTk and [Ti, Y ] = 0. Furthermore,
Y = −1 or Y = −2 for left-handed and right-handed
leptons, respectively. The lepton Lagrangian (9) can be
written as L = iL¯lγµ∂µLl + iR¯lγµ∂µRl + L(l)int, with the
interaction part given as
L(l)int =
g
2
√
2
(
J
(l)α
+ W
(+)
α + J
(l)α
− W
(−)
α + J
(l)α
0 Zα
)
− eJ (l)αEMAα, (13)
where there appear charged currents, J
(l)α
+ , J
(l)α
− , a neu-
tral current, J
(l)α
0 , and the electromagnetic current, J
(l)α
EM ,
given as
J
(l)α
+ = 2L¯lγ
αT+Ll = ψ¯νlγ
α (1− γ5)ψl, (14)
J
(l)α
− = 2L¯lγ
αT−Ll = ψ¯lγα (1− γ5)ψνl , (15)
3J
(l)α
0 =
(√
2 cos θ
)−1 [
ψ¯νlγ
α (1− γ5)ψνl
−ψ¯lγα (g′V − g′Aγ5)ψl
]
, (16)
J
(l)α
EM = −
[
L¯lγ
α
(
g′ cos θ
2
− g sin θT3
)
Ll
+g′ cos θR¯lγαRl
]
. (17)
Here, θ is the Weinberg angle, and g, g′ are the coupling
constants, and the vector-axial interaction is controlled
by g′A = 1, g
′
V = 1− 4 sin2 θ. In the electroweak theory,
the photon (Aµ) is a combination of the fields W
3
µ and
Bµ, that is, Aµ = Bµ cos θ +W
3
µ sin θ, while the neutral
intermediate boson is Zµ = −Bµ sin θ + W 3µ cos θ. The
inverse relations are also well known, Bµ = cos θAµ −
sin θZµ,W
3
µ = sin θAµ + cos θZµ. The generators and
isovector can be also written as T = (T+, T3, T−), Wα =
(W
(+)
α /
√
2,W 3µ ,W
(−)
α /
√
2), where T± = σx/2± i (σy/2) ,
T3 = σz/2, and W
(±)
µ =
1√
2
(
W 1µ ∓ iW 2µ
)
, and σx, σy, σz
are the Pauli matrices.
III. A NONMINIMAL COUPLING IN THE
U(1)
Y
SECTOR OF THE GSW MODEL
We have already mentioned how Lorentz-violating
terms are inserted in the mSME electroweak sector. An-
other route to consider it involves higher dimensional,
nonrenormalizable NM operators. Gauge invariant NM
interactions in the electroweak sector can be proposed in
the context of the covariant derivative (12). A first pos-
sibility, in the U (1)Y sector of the GSW model, is the
NM derivative
Dµ = ∂µ − igT ·Wµ − i g
′
2
Y Bµ + ig
′
2Y BµνC
ν , (18)
where Cν is a fixed 4-vector that establishes a preferred
direction in spacetime and violates Lorentz symmetry.
Replacing such a derivative in Lagrangian (9), the non-
minimal coupling yields additional electromagnetic and
neutral Lorentz-violating interactions,
LLV (1) = J (l)νEM(LV )Aν + J
(l)ν
0(LV )Zν , (19)
given explicitly as
J
(l)ν
EM(LV ) =
g′2
2
cos θ
[
ψ¯νlγ
µ (1− γ5)ψνl
]
Cν∂µ
−g
′
2
2
cos θ
[
ψ¯νlγ
ν (1− γ5)ψνl
]
Cµ∂µ
+g′2 cos θ[j
µ
1C
ν∂µ]− g′2 cos θ [jν1Cµ∂µ] , (20)
J
(l)ν
0(LV ) = −
g′2
2
sin θ
[
ψ¯νlγ
µ (1− γ5)ψνl
]
Cν∂µ
+
g′2
2
sin θ
[
ψ¯νlγ
ν (1− γ5)ψνl
]
Cµ∂µ
−g′2 sin θ [jµ1Cν∂µ] + g′2 sin θ [jν1Cµ∂µ] . (21)
with jµ1 (x) = ψ¯l (x) γ
µ (3 + γ5)ψl (x) /2.These expres-
sions are useful to show the processes that are directly
affected, at tree-level, by the nonminimal derivative (18).
We now examine the effect of this nonminimal coupling
on the decay of the Z0 mediator in a pair lepton and
antilepton,
Z0 → l¯ + l, (22)
evaluating the contributions implied to the decay rate.
The total neutral current,
(
J
(l)µ
0 + J
(l)µ
0(LV )
)
Zµ, that con-
tributes for this process is
= − g
4 cos θ
ψ¯l (x) γ
µ (g′V − γ5)ψl (x)Zµ (x)
−g′2 sin θ [jη1Cµ∂ηZµ (x)] + g′2 sin θ
[
jµ1C
λ∂λZµ (x)
]
,
(23)
where the first term is the usual Lorentz invariant contri-
bution, the second and third terms stem from Eq. (21).
Expression (23) shows how the NMC (18) affects the
vertex of the neutral interaction. The scattering matrix
for such a process is
S = −i
∫
d4x
(
J
(l)µ
0 + J
(l)µ
0(LV )
)
Zµ = S0+SLV (1)+SLV (2),
(24)
where the zero order and first order contributions in the
LV parameters are
S0 = i
g
4 cosθ
∫
d4x ψ¯l (x) γ
µ (g′V − γ5)ψl (x)Zµ (x) ,
(25)
SLV (1) = ig
′
2 sin θ
∫
d4x [jη1 (x)C
µ∂ηZµ (x)] , (26)
SLV (2) = −ig′2 sin θ
∫
d4x
[
jµ1 (x)C
λ∂λZµ (x)
]
. (27)
In order to evaluate these elements, we propose plane
wave expansions, Z0µ (x) = Nkεµ (k, λ) exp (−ik · x) ,
ψl (x) = Nqul (q, s) exp (−iq · x) , ψl¯ (x) =
Nq′v (q
′, s′) exp (iq′ · x) , where k, q, q′ stand for the
4-momentum of the Z0 boson and the emerging lep-
tons, respectively, and Nq = (2V q0)
−1/2
. With these
expressions, we obtain
S0 = i
g
4 cos θ
(2π)
4 δ
4 (q + q′ − k)
[8V 3q0q′0k0]
1/2
M0, (28)
SLV (a) =
ig′2 sin θ
2
(2π)
4 δ
4 (q + q′ − k)
[8V 3q0q′0k0]
1/2
MLV (a), (29)
with a = 1, 2 representing the two LV contributions,
which involves
M0 = εµ (k, λ) u¯l (q, s) γ
µ (g′V − γ5) v (q′, s′) , (30)
MLV (1) = C
µkηεµ (k, λ) j
η
qq′ , (31)
MLV (2) = −Cλkλεµ (k, λ) jµqq′ , (32)
4and jµqq′ = u¯l (q, s) γ
µ (3 + γ5) v (q
′, s′) . The decay rate
for the process (22) is given as usually evaluated, that is,
Γll =
1
T
V
∫
d3q
(2π)3
V
∫
d3q′
(2π)3
1
3
∑
λ
∑
s,s′
|S|2 , (33)
where S is given in (24), implying
|S|2 = S0S†0+S0S†LV (1)+SLV (1)S†0+S0S†LV (2)+SLV (2)S†0,
(34)
in first order in the LV parameters. Substituting Eq.
(34) in Eq. (33), we achieve
Γll = ΓS0S†0
+ ΓS0S†
LV (1)
+ ΓSLV (1)S†0
+ ΓS0S†LV (2)
+ ΓSLV (2)S†0
. (35)
The first term, ΓS0S†0
, is the decay rate for the Lorentz
invariant usual process Z0 → l¯ + l. In this evaluation,
ΓS0S†
LV (1)
= 0, ΓSLV (1)S†0
= 0, as a consequence of the
current conservation, due to the presence of the momen-
tum kα in Eqs. (31, 32). The LV contribution is associ-
ated with ΓS0S†
LV (2)
and ΓSLV (2)S†0
, so that the total decay
rate, Γ = ΓS0S†0
+ ΓS0S†
LV (2)
+ ΓSLV (2)S†0
, is
Γll =
g2
1536π cos2 θ
8MZ
[(
g′2V + 1
)− 6g′2V m
2
l
M2Z
− gg
′
2 tan θ
768π
8MZ (C · k)
[
(3g′V − 2)− 27g′V
m2l
M2Z
]
×Θ(MZ − 2ml) . (36)
We now use k2 =M2Z and C ·k = C0MZ . As the Z0 mass
(MZ = 9.1× 1010eV ) is much larger than lepton masses,
we can neglect the mass ratios for the electron, muon and
tau (m2e/M
2
Z ≃ 2 × 10−11, m2µ/M2Z ≃ 10−6,m2τ/M2Z ≃
4 × 10−4), which are smaller than the experimental un-
certainty in decay rate measurements. Thus, the result
is written as
Γll =
g2
(
g′2V + 1
)
MZ
192π cos2 θ
[1− 8× |g′2C0|MZ ]
×Θ(MZ − 2ml) , (37)
with the LV contribution appearing as a direct correc-
tion to the usual decay rate. We have used g = e/ sin θ,
g′V = 1 − 4 sin2 θ, sin2 θ = 0.23. In accordance with
Ref. [35], the Z0 decay rate (considering lepton univer-
sality) is Γll = (83.985± 0.086)MeV, or Γll = 83.985(1±
0.001)MeV, so that the experimental uncertainty is of 1
part in 103. We thus impose 8 |g′2C0|MZ < 1.0 × 10−3,
which leads to the following upper bound:
|g′2C0| < 1.3× 10−15 (eV )−1 . (38)
IV. A NONMINIMAL COUPLING IN THE
SU(2)
L
SECTOR OF THE GSW MODEL
Analogously to the previous case, a gauge invariant
nonminimal interaction in the SU (2)L sector of the GSW
model can be proposed as
Dµ = ∂µ−igT ·Wµ−i g
′
2
Y Bµ+ig
′
3 (T ·Wµν)V ν . (39)
where V ν is a fixed 4-vector that establishes a preferred
direction in spacetime and violates Lorentz symme-
try. The interaction term, L¯lγ
µi (ig′3T ·WµνV ν)Ll em-
braces the following interactions at tree-level, LLV (2) =
J (l)ν+(LV )W
(+)
ν + J (l)ν−(LV )W
(−)
ν + J (l)ν0(LV )Zν , involving the
vector bosons, in which the related currents read
J (l)ν+(LV ) = −
g′3
2
√
2
ψ¯νlγ
µ (1− γ5)ψlV ν∂µ
+
g′3
2
√
2
ψ¯νlγ
ν (1− γ5)ψlV µ∂µ, (40)
J (l)ν−(LV ) = −
g′3
2
√
2
ψ¯lγ
µ (1− γ5)ψνlV ν∂µ
+
g′3
2
√
2
ψ¯lγ
ν (1− γ5)ψνlV µ∂µ, (41)
J (l)ν0(LV ) = −
g′3 cos θ
4
{
ψ¯νlγ
µ (1− γ5)ψνlV ν∂µ
−ψ¯lγµ (1− γ5)ψlV ν∂µ − ψ¯νlγν (1− γ5)ψνlV µ∂µ
+ψ¯lγ
ν (1− γ5)ψlV µ∂µ
}
. (42)
The current, J
(l)µ
−(LV ), given by Eq. (41), affects the
processes mediated by the W− particle, including the
decay W− → l + ν¯l. The total electroweak current that
contributes to this process is
(
J
(l)µ
− + J (l)µ−(LV )
)
W (−)µ =
1
2
√
2
[
gjµ2W
(−)
µ (x)
−g′3[jη2V µ∂ηW (−)µ (x)] + g′3[jµ2 V λ∂λW (−)µ (x)]
]
, (43)
where jµ2 (x) = ψ¯l (x) γ
µ (1− γ5)ψνl , the first term is the
usual Lorentz invariant contribution. The scattering ma-
trix for the process (W− → l + ν¯l) , at leading order, can
be written as
S = −i
∫
d4x
(
J
(l)µ
− + J (l)µ−(LV )
)
W (−)µ , (44)
that implies S = S0 + SLV (1) + SLV (2), with
S0 = −i g
2
√
2
∫
d4x
[
jµ2 (x)W
(−)
µ (x)
]
, (45)
SLV (1) = i
g′3
2
√
2
∫
d4x
[
jη2 (x) V
µ∂ηW
(−)
µ (x)
]
, (46)
SLV (2) = −i
g′3
2
√
2
∫
d4x
[
jµ2 (x) V
λ∂λW
(−)
µ (x)
]
. (47)
5Following the same steps of previous calculation, we ob-
tain the decay rate for the usual Lorentz invariant process
(W− → l + ν¯l):
ΓS0S†0 =
g2
48π
MW
(
1− m
2
l
M2W
)2(
1 +
m2l
2M2W
)
Θ(MW −ml) ,
(48)
where MW ,ml label the W
− boson and lepton masses.
As it occurs in the previous case, the quantities ΓS0S†LV (1)
,
ΓSLV (1)S†0 also vanish, ΓS0S†LV (1)
= 0, ΓSLV (1)S†0 = 0. The
terms, ΓS0S†LV (2)
,ΓSLV (2)S†0 are computed, leading to the
following decay rate:
Γ =
[
g2
48π
MW + (g
′
3V0)
10gM2W
384π
]
Θ(MW −ml), (49)
where V · k = V0MW for the rest frame of the W−
mediator, and we have neglected the contributions in
m2l /M
2
W ,m
4
l /M
4
W . This result can be also expressed as
Γ =
g2
48π
MW
[
1 + (g′3V0)
5MW
4g
]
Θ(MW −ml). (50)
Considering that the experimental uncertainty in the
measures of this decay is at the level of ∼ 4.0 × 10−2,
and using g = e/ sin θ, sin2 θ = 0.23, we impose
7 (g′3V0)MW < 4.0× 10−2, which implies
|g′3V0| < 7× 10−14 (eV )−1 . (51)
As the current (40), involving the mediator W+, is ana-
logue to the current (41), we conclude that these latter
developments equally hold to the decay W+ → l¯ + νl,
which becomes constrained by a bound similar to Eq.
(51).
V. CONCLUSION AND FINAL REMARKS
In this investigation, we have proposed two CPT-odd
nonminimal couplings in the Electroweak sector, one in
the U (1)Y sector, another one in the SU (2)L sector of
the GSW theory. The NM interaction terms we found at
the level of the lepton Lagrangian. The implied correc-
tions to the decay rates of the processes, Z0 → l¯ + l and
W− → l + ν¯l (W+ → l¯ + νl), were explicitly computed.
Regarding the experimental imprecision in the measure-
ments, we have impose upper limits on the magnitude of
the LV nonminimal coupling at the level of 10−15 (eV)−1
and 10−14 (eV)−1.
In theories in which the Lorentz symmetry is broken by
fixed backgrounds in spacetime, the tensor components
are usually considered fixed in the Sun’s frame, in such
a way that they undergo sidereal variations in the Earth
frame [31, 34]. It is necessary, therefore, to translate the
bounds from the Earth-located Lab’s RF at the colat-
itude χ, rotating around the Earth’s axis with angular
velocity Ω, to the Sun´s frame. For experiments up to
a few weeks long, the transformation law for a rank-1
tensor, Aµ, is merely a spatial rotation, A
T
µ = RµαAα,
where the label T indicates the quantity measured in the
Sun’s frame, and R0i = Ri0 = 0 and R00 = 1. Thus, four
vector time-components are not modified, AT0 = A0, so
that the upper bounds (38), (51) could be equally writ-
ten in the Sun’s frame. However, the situation is not
so simple, as pointed out in Ref. [12] (for pion decays),
once the decay rates (37), (50) were carried out in the
rest frame of the decaying vector bosons, not in the Lab
(Earth) frame, where the measurements are performed.
In order to take into account this point, one option is
to translate the upper bounds (38), associated with an
evaluation at the vector boson rest frame, directly to the
Sun´s frame, with the boost
C0 = γz(C
0
T + α
iCiT ), (52)
where γz = γ(vz) is the Lorentz factor, vz is the boson
velocity in the Sun´s frame, αi = viz /c. The data about
width decays were attained in the LEP accelerator [35],
constructed to work with centre-of-mass energy around
91 GeV, reaching 161 GeV in 2000. As the Z0 mass
is close to the centre-of-mass energy, it happens that the
Lorentz factor is nearly 1 (γz & 1), and not larger than 2,
which also implies a not (meaningful) relativistic velocity
(viz). In this case, the upper bounds (38), (51) can be
read in the Sun´s frame as
∣∣g′2(C0T + αiCiT )∣∣ . 1× 10−15 (eV )−1 , (53)∣∣g′3(V 0T + αiV iT )∣∣ . 1× 10−14 (eV )−1 . (54)
If the case the centre-of-mass energy is really close to
the boson mass (γz ≃ 1), these bounds simplify to∣∣g′2C0T ∣∣ < 1 × 10−15 (eV )−1 and ∣∣g′3V 0T ∣∣ < 1 × 10−14
(eV )
−1
. Another possibility is to write the results (37),
(50) in the Lab frame, in which C ·k = Mz(C0−γzαiCi),
V · k = Mz(V0 − γzαiV i), procedure that recovers the
bounds (53), (54) for γz ≃ 1.
Finally, other impacts of these NMC can be investi-
gated, with attention to the possible evaluation of differ-
ential decay rates of polarized processes, which could, in
principle, yield improved upper bounds by two orders of
magnitude.
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